INTRODUCTION
The 1,8-cineole-enriched fraction, which is the major ingredient of the hydrophilic extract from turmeric and laurel leaf powder, has potent inhibitory effects on fructose-mediated glycation (1). The cineole-enriched fraction, derived from cinnamon and clove, also has strong anti-oxidant potential and in vivo hypolipidemic activity (2). These results are in concordance with a previous report that revealed that cineole-enriched fractions are potent inhibitors which can be used to decrease the incidence of diabetes mellitus and atherosclerosis (3). In order to verify these results, we tested the antioxidant, anti-inflammatory, and anti-atherosclerotic activities of pure 1,8-cineole in vitro and in vivo by specifically analyzing its effects on lipoprotein metabolism. To date, there have been no studies addressing the anti-atherosclerotic activity and lipid-lowering effect of pure cineole. This study provided evidence of a beneficial effect of cineole in lipid metabolism using zebrafish as a vertebrate model since lipid and lipoprotein metabolism of zebrafish is known to be similar to humans (4). Also, zebrafish has been used as a useful and popular animal model for several metabolic diseases including diseases of the brain and cardiovascular system as well as aging and inflammation (5, 6). In this study, we used a hyperlipidemic zebrafish (Danio rerio) model, in which hypercholesterolemia was induced by a high cholesterol diet (HCD) to mimic early atherogenesis and concurrent complications, as suggested by the Miller group (7). We recently reported that atherosclerosis and hypercholesterolemia were induced by feeding a HCD to adult zebrafish for several weeks (1, 2, 8) . Among lipoproteins, low-density lipoprotein (LDL) is the major cholesterol carrier in the human blood. Unlike native LDL, oxidized LDL (oxLDL) is notorious for cytotoxicity and as a potent inflammatory molecule in atherosclerosis-related vascular and coronary events (9). High-density lipoprotein (HDL) exerts anti-atherogenic functions including antioxidant, anti-inflammatory, and anti-thrombotic effects (10, 11). However, the beneficial effects of HDL can be diminished via interaction with reactive oxygen species (ROS) and oxLDL-induced inflammation (12). Accumulating evidence suggests that protein glycation and production of advanced glycated end (AGE) products are an important molecular basis of diabetic complications (13). Furthermore, Younis et al. (14) reported that small dense LDL, which is particularly associated with the development of coronary heart disease (CHD), is preferentially glycated in non-diabetic human serum. Cineole is also known as eucalyptol, the major oil component of eucalyptus (15). Although cineole was detected in a hydrophilic extract, it is a water-insoluble and colorless liquid with a camphor-like odor with a spicy and cooling taste (16). In the present study, we tested the physiologic activities of 1,8-cineole with respect to anti-atherosclerotic and anti-inflammatory activities using a hypercholesterolemic zebrafish model. http://bmbreports.org 
RESULTS

Cupric ion-mediated LDL oxidation was inhibited by cineole
Cupric ion-treated LDL showed the fastest elevation of conjugated diene levels (Abs 234 nm); specifically, the elevation was 2.2-fold higher than the initial level at 40 min of incubation, while native LDL in PBS or ethanol (final 10%) concurrently showed an increase of A234 without cupric ion treatment (Suppl. Fig. 1A) . Treatment with cineole resulted in inhibition of oxidation in a concentration-dependent manner as shown in Suppl. Fig. 1A . At 40 min, 38% and 25% inhibition was observed with cineole treatment at 0.1 mg/ml and 0.01 mg/ml (final concentration), respectively. Without cupric ion treatment, LDL showed an increase in A234 in the presence of ethanol (10%, final concentration) after a 60 min incubation period, indicating that ethanol caused more oxidation via putative protein denaturation. In order to confirm the spectroscopic data, the reaction mixtures were subjected to electrophoresis on a 0.5% agarose gel to compare their electromobilities. Oxidized LDL (oxLDL) had an increased negative charge and a reduced size as a result of apo-B fragmentation; therefore, more oxidized LDL moved to the bottom of the gel faster than less oxidized or native LDL (lane 2, Suppl. Fig.  1B ). However, cineole-treated LDL (lanes 3 and 4) exhibited slower migration in a concentration-dependent manner, as shown in Suppl. Fig. 1B .
Cineole protected oxidative damage of HDL3 and rHDL
After 8 hr of incubation with cupric ion (10 μM) at 37 o C, HDL3 showed much greater disappearance of the apoA-I band (lane 5, Fig. 1B ), while the band was visible at 4 hr incubation, as shown in Fig. 1A (lane 5) . This indicates that prolonged incubation with cupric ion caused proteolytic degradation of apoA-I. However, co-treatment of cineole protected HDL from oxidative damage and proteolytic degradation, as indicated by an arrow in Fig. 1B (lanes  1-3) . Interestingly, the lowest concentration of cineole (final concentration, 1 μg/ml) showed potent inhibition ability.
Antioxidant ability of HDL3 was enhanced by cineole
As shown in Suppl. Fig. 2A , HDL3-associated PON activity was significantly enhanced up to 35% by cineole treatment even under the presence of cupric ion. It seemed that the effect was enough to treat the lowest concentration of cineole, since there was no difference between the dosages of cineole. Interestingly, cupric ion treatment (final 10 μM) did not inhibit PON activity around 20% enhancement of PON activity, similar with HDL3 alone. This result indicates that it was not influenced by the presence of Cu 2+ , although PON is a Ca 2+ dependent enzyme. Ferric ion removal ability was enhanced in the cineole-treated HDL in a concentration-dependent manner, as shown in Suppl. Fig. 2B . Higher concentration of cineole treated (10 μg/ml)-HDL3 showed higher FRA activity around 3-fold elevation of A593. These results made a good agreement with inhibition activity against cupric ion mediated by LDL oxidation.
Cellular uptake of oxLDL into macrophage
After incubation of oxLDL and cineole in the presence of macrophages, THP-1 cells were stained with oil red O to evaluate the degree of lipid or LDL uptake into cells. As shown in Fig. 2 , when compared with the control (photo A), oxLDL-treated cells (photo B) showed a much greater lipid-stained area with stronger red intensity, which indicated uptake of oxLDL via putative phagocytosis. However, cineole-treated (0.1 mg/ml and 0.01 mg/ml) cells showed a much smaller lipid-stained area and weaker intensity (photos D and E, respectively), while Et-OH treatment caused much higher red intensity in the presence of the same amount of oxLDL. This result suggests that ethanol may have increased
